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INTRODUCTION 


United  States  and  NATO  military  forces  are  increasingly  relying  on  new  sophis¬ 
ticated  weapons  systems  which  employ  electro-optical  (EO)  sensors  or  systems 
in  their  principles  of  operation.  The  presence  of  fog  seriously  degrades  the 
effectiveness  of  visible  and  infrared  systems,  no  matter  how  wel  1 -designed  and 
engineered  the  system  may  be.  The  operational  capability  of  a  given  system 
can,  at  least  conceptually,  be  determined  through  well -characterized  field 
tests.  However,  it  is  somewhat  impractical  as  well  as  uneconomical  to  field 
test  each  device  under  the  different  fog  conditions  which  can  be  expected.  A 
more  economical  and  logical  approach  is  to  characterize  the  optical  properties 
of  the  various  types  of  fogs  and  develop  microphysical  and  optical  models 
which  can  be  used  for  evaluation  of  systems  performance. 

The  single  most  important  microphysical  characteristic  of  a  fog  is  its  size 
distribution,  N(r),  since  the  other  quantities  often  used  to  describe  the  fog 
are  easily  obtained  from  the  size  distribution.  N(r)  is  usually  interpreted 
to  be  the  number  of  suspended  water  drops  (assumed  to  be  spherical)  of  radius 
r.  From  a  mathematical  standpoint,  a  more  proper  interpretation  is  N(r)  = 
dN/dr  where  N  is  the  total  concentration  of  suspended  water  droplets.  N(r)  is 
expressed  in  units  of  particles  per  cubic  centimeter  per  unit  (micrometer) 
radius  interval.  Other  microphysical  quantities  whi .h  are  frequently  used 
include  the  mean  radius,  the  mode  radius,  and  the  liquid  water  content.  All 
these  quantities  are  easily  computed  from  the  size  distribution  (compare  Low 
et  al , 1  McCartney2 ) . 

There  are  several  types  of  fogs.  Most  major  fog  types  have  been  classified  by 
Willett3  and  Byers.  4 5  According  to  Juisto^  the  type  of  fog  can  be  influenced 
by  several  factors  such  as  qeographic  location,  synoptic  air  mass,  season  of 
the  year,  and  time  evolution  of  a  given  fog.  Unfortunately,  there  have  been 
no  definitive  studies  aimed  at  the  determination  of  the  relative  importance  of 
these  various  factors  in  terms  of  their  influence  on  the  size  distribution. 
The  size  distributions  shown  in  figure  1  suggest  that  the  formation  mechanism 
alone  is  not  sufficient  for  discriminating  the  major  characteristics  of 
N(r).  This  figure  shows  four  of  the  size  distribution  models  obtained  by 


!R.  D.  H.  Low,  L.  D.  Duncan,  and  R.  B.  Gomez,  1978,  The  Microphysical  Basis  of 
Fog  Optical  Characteri zation,  ASL-TR-0011,  US  Army  Atmospheric  Sciences 
Laboratory,  White  Sands  Missile  Range,  NM 

2E.  J.  McCartney,  1976,  Optics  of  the  Atmosphere,  John  Wiley  and  Sons,  New 
York,  NY 

3H.  C.  Willett,  1928,  "Fog  and  Haze,"  Monthly  Weather  Review,  56:436 

4H.  R.  Byers,  1959,  General  Meteorology,  McGraw-Hill,  New  York,  NY,  481  pp 

5J.  E.  Juisto,  1979,  Considerations  in  the  Optical  Characterization  of  the 
Atmosphere,  ASL-TR-79-0001-3,  US  Army  Atmospheric  Sciences  Laboratory,  White 
Sands  Missile  Range,  NM 
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Tamperi  and  Tomasi6  by  fitting  Diermendjian's7  modified  gamma  function  to 
published  drop-si ze  data.  RF1  and  RF2  denote  their  radiation  fog  models  1  and 
2  while  AF1  and  AF2  denote  their  advection  fog  models  1  and  2.  There  is 
clearly  very  little  difference  between  RF1  and  AF1  and  between  RF2  and  AF2. 
There  were  probably  other  factors  which  played  a  significant  role  in  determin¬ 
ing  the  size  distributions  shown  in  figure  1.  It  would  be  improper,  and 
perhaps  erroneous,  to  conclude  from  these  data  that  there  is  not  a  difference 
between  typical  size  distributions  for  radiation  and  advection  fogs.  Proper 
investigation  of  this  question  would  require  an  analysis  of  data  taken  under 
conditions  where  the  formation  mechanism  is  the  only  variable  which  changes 
(that  is,  the  other  factors  mentioned  above  are  the  samel. 

In  this  report  data  collected  d,j'":rq  three  f r-'pid  experiments  con¬ 
ducted  duri no  the  1  ast  ?  yea~s  ’n  <p  to  invest’ cate  t’°e 

differences  in  the  optical  and  "oohysical  proof-- ’-?s  *;n ■t-ir  di f ^erent  dir 

masses. 


AIR  MASSES  OVER  CENTRAL  El.'Pr'DE 

Q 

According  to  Berry  et  al  an  air  mass  is  refined  as  ?n  extensive  portion  of 
the  atmosphere  which  is  aonroximatelv  homoeero vs  ’n  its  horizontal  distri¬ 
bution  of  temperature,  humidity,  and  laps0  rate.  The  initial  properties  of  an 
air  mass  are  primarily  influenced  by  its  source  region  (the  region  where  the 
air  mass  originates),  When  an  air  mass  ’eaves  its  source  region,  it  has  prop¬ 
erties  character! sti c  of  that  portion  of  the  earth's  surface,  '‘hese  proper- 
ties  are  subject  to  modification  as  the  <v>  mass  passes  over  other  areas. 
Berry  et  al  discusses  major  source  regions,  a  -  r  mass  types,  and  air  mass 
properties. 

Q 

Geb  has  classified  and  discussed  air  masses  over  middle  Europe.  His  classi¬ 
fication  scheme  contains  eighteen  separate  categories  (including  subcetegories 
and  mixed  catenories).  A  preliminary  analysis  of  European  weather  mans  indi¬ 
cates  that  the  more  frequently  occurring  air  masses  over  Europe  are,  in  order 
of  occurrence,  the  maritime  oolar  (mP),  the  maritime  arct’c  fmA),  and  the 
continental  polar  ( c P 1 .  mP  a’r  over  Europe  usually  originates  as  cP  air  over 
Morth  America  and  reaches  Europe  through  various  trajectories  across  the 
Atlantic  Ocean,  thereby  becoming  modified  to  a  maritime  air  mass.  The  source 


bF.  Tamperi  and  C.  Tomasi,  l°’h,  "size  Distribution  Models  of  Fog  and  Cloud 
Droplets  in  Terms  of  the  Modified  Gamma  Function,"  Tellus .  28:333-347 

7D.  Diermendj’an,  1964,  "Scattering  and  Polarization  Properties  of  Water 
Clouds  and  Hazes  in  the  Visible  and  Infrared,"  AppI  Opt,  3:187-196 

bF.  A.  Berry,  E.  Bollay,  and  N.  R.  Beers,  editors,  1945,  Handbook  of 
Meteorol ogy ,  McGraw-Hill,  New  York,  NY 

3m.  Geb,  1973,  "Die  Anveendung  der  Objekti vierten  Luftmassen-Klassification 
fur  Mittleuropa,"  des  Institut  fur  Meteorol gie,  Berlin,  GE 
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region  for  mA  air  is  the  arctic  region  between  Greenland  and  Spitsbergen, 
while  the  source  region  for  cP  air  over  Europe  is  over  northern  Russia, 
Finland,  and  Lapland. 


Air  masses  are  generally  characterized  by  their  temperature  and  moisture 
properties.  Since  the  different  air  masses  originate  over  distinctly  differ¬ 
ent  regions  of  the  earth's  surface,  a  reasonable  hypothesis  is  that  each  air 
mass  contains  aerosols  and  condensation  nuclei  which  are  distinctly  different 
from  those  of  other  air  masses.  If  this  is  true,  then  fogs  formed  under  dif¬ 
ferent  air  mass  types  can  be  expected  to  possess  different  microphysical 
properties. 


MODELING  OF  FOG  OPTICAL  PROPERTIES 

In  the  development  of  optical  models  to  be  used  in  the  analysis  of  the  perfor¬ 
mance  of  EO  sensors  and  weapons  systems,  one  is  usually  concerned  with  the 
extinction  coefficient  and  the  scattering  phase  function.  Both  of  these 
quantities  may  be  computed  from  Mie  theory  if  the  drop-size  distribution  is 
known.  The  extinction  coefficient,  K(X),  for  a  given  wavelength  is  related  to 
the  size  distribution  by 

K(X)  =  it  jr7 N(r)  Qext(r,X)  dr 

Where  Qext(r,X)  is  the  Mie  extinction  parameter  for  wavelength  X  and  radius  r. 

If  optical  foq  models  are  to  be  useful  to  nonatmospheric  specialists,  the 
models  must  be  constrained  to  respond  to  meteorological  and  atmospheric  inputs 
which  are  typically  available  in  standard  meteorological  observations  and 
analyses.  Over  the  past  few  years  visibility  has  become  a  popular  variable  as 
a  predictand  for  extinction  coefficients  in  the  infrared  regions.  There  are 
probably  two  reasons  for  this.  First,  visibility  is  a  routinely  observed 
optical  property  of  fogs  (as  well  as  nonfoggy  conditions).  In  addition,  no 
other  routinely  observed  quantity  correlates  well  with  infrared  extinction 
coefficients.  Several  authors  (Stewart,10  Turner  et  al11)  have  shown  that 
models  which  depend  upon  visibility  alone  can  lead  to  substantial  errors.  The 
data  shown  in  a  later  section  indicate  that  much  of  this  uncertainty  can  be 
removed  if  an  air  mass  classification  is  also  included. 


THE  DATA  BASE 

Three  rather  large  sets  of  fog  microphysical  data  were  available  for  this 
study.  Durinq  late  February  and  early  March  of  1978, the  US  Army  Atmospheric 
Sciences  Laboratory  (ASL)  conducted  a  field  experiment  at  Meppen,  Germany,  to 


i0D.  A.  Stewart,  1977,  Infrared  and  Submillimeter  Extinction  by  Fog  TR-77-9, 
Technology  Laboratory,  Physical  Science  Directorate,  Redstone  Arsenal,  AL 

llR.  E.  Turner  et  al ,  1978,  Model  Development  for  E-0  SAEL:  Natural  Aerosol, 
Contrast,  Laser  Transmission  and  Turbulence,  SAI-78-0o8-AA( II ) ,  Science 
application  Inc.,  Ann  Arbor,  MI 
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obtain  a  data  base  for  investigating  the  vertical  structure  of  fog.  Ground- 
based  measurements  of  fog/haze  drop-size  distributions  were  made  with  a 
Particle  Measuring  Systems  ( PMS )  FSSP-100  light  scattering  device  (commonly 
known  as  a  Knollenberg  counter)  which  measures  drop  sizes  from  0.25um  to 
23.5um  radius.  At  the  same  time,  an  identical  instrument  was  operated  sus¬ 
pended  from  a  balloon  to  investigate  the  vertical  variation  of  the  fog. 
Complete  observations  of  the  size  distribution  were  completed  every  50  s. 
Size  distribution  models  have  been  curve  fit  to  the  ground-based  data  by 
Duncan  and  Low.12  Empirical  formulas  which  reproduce  the  vertical  variation 
observed  with  the  airborne  instrument  have  been  obtained  by  Duncan  et  al.  : 3 

Either  clear  or  light  haze  conditions  persisted  during  many  days  of  the  Meopen 
experiment.  Extensive  periods  of  too  data  were  obtained  on  13  and  22  February 
and  3  and  4  '*arch,  with  vsibiMties  'anq-na  from  a  r?w  kilometers  to  ’ess 
than  100  m.  An  mA  a’>  mass  prevailed  ever  vepoen  on  18  February.  D urine  t1*? 
other  3  days  Meppen  was  under  the  infue-ce  an  mp  a’r  mass. 

During  November  1978  the  ’JS  Army  Night  Vision  and  Electro-Optics  Laboratory, 
in  cooperation  with  the  German  Ministry  of  Defense,  conducted  an  extensive 
experiment  at  Grafenwohr,  Germany,  to  ootain  data  relative  to  the  effects  of 
the  "dirty  battl ef i el d"  on  the  performance  of  EO  weapons  systems  and 
sensors,  the  ASL  provided  meteorological  support  and  participated  in  some  o; 
the  scientific  experiments.  Fog  size  distributions  were  measured  on  9,  10, 
13,  14,  15,  16,  and  20  November  under  varying  fog  cond1' 1 1 ons,  A  different  PMS 
light  scattering  instrument  was  used  for  these  measurements.  TVs  instrument 
was  the  CSAS-100  which  measures  particles  in  the  size  range  of  0.2un  to  16 urn 
radius.  Grafenwohr  was  under  the  influence  cf  a  continental  air  mass  durino 
the  entire  period. 

During  late  February  and  March  1980,  the  ASL  conducted  aerosol  measurements 
near  Grediog,  Germany,  in  support,  of  a  weapons  systems  test.  The  measurements 
were  similar  to  those  made  at  Meppen  :n  the  sense  that  airborne  and  ground- 
based  PMS  FSSP-100  were  employed.  Because  of  the  high  density  of  air  traffic 
reauired  by  the  tests,  the  balloon  flights  were  restricted  to  one  ascent  each 
morning  at  about  0700  and  another  at  about  1700  each  afternoon.  This  schedule 
limited  each  data  collection  period  to  between  30  and  45  min. 

The  data  collected  at  Greding  have  been  reported  by  lindberg  et  al .  During 
most  of  the  observations ,  light  to  medium  haze  conditions  were  encountered, 
however,  on  29  February  and  20  and  2&  March  the  balloon-borne  sensor  measured 


“L.  D.  Duncan  and 
Germany,  ASL-TR-0056 
Mi ssi 1 e  Range,  NM 


R.  D.  H.  Low,  1980,  Bi-Model  Fog  Models  for  Meppen, 
US  Army  Atmospheric  Sciences  Laboratory,  White  Sands 


13L.  0.  Duncan,  J.  D.  Lindberg,  and  R.  D.  Loveland,  1980,  An  Empirical  Model 
of  the  Vertical  Structure  of  German  Fogs,  US  Army  Atmospheric  Sciences 
laboratory  Technical  Report  (in  press) 


'  T.  0.  Lindberg  et  al , 
Greding,  Germany,  during 


1980,  Vertical  Distribution  of  Fog  and  Haze  near 


size  distributions  within  stratus  clouds  which  were  encountered  about  100  to 
150  m  above  the  surface  and  persisted  for  about  a  300-m  thickness.  An  mA  air 
mass  was  over  the  site  on  29  February  and  24  March;  the  area  was  under  the 
influence  of  an  mP  air  mass  on  20  March. 


ANALYSIS  OF  THE  THREE  DATA  SETS 

Mie  calculations  were  applied  to  the  size  distributions  data  to  obtain  extinc¬ 
tion  coefficients  at  various  wavelengths.  Figure  2  shows  a  cross  plot  of 
extinction  coefficients  for  10pm  and  0.55pm.  For  visibilities  greater  than 
about  1  km,  the  spread  in  the  data  is  considerable.  For  a  given  value  of 
visible  extinction  coefficient,  the  10pm  extinction  coefficient  can  vary  by  an 
order  of  magnitude  or  more.  This  much  variation  is  clearly  unacceptable  if 
one  is  attempting  to  determine  the  performance  characteristics  of  an  EO  device 
operating  at.  or  near  10pm  wavelength. 

The  data  shown  in  figure  2  have  been  separated  according  to  the  three  air  mass 
categories  (mA,  mP,  and  c P )  discussed  above  and  have  been  replotted  for  each 
air  mass  in  figures  3,  4,  and  5,  respectively.  The  scatter  shown  in  each  of 
these  plots  is  considerably  less  than  that  in  figure  2.  This  difference 
suggests  that  a  significant  part  of  the  scatter  was  not  measurement  error  but 
was  due  to  the  differences  in  air  mass  types.  If  the  remaining  scatter  within 
a  single  air  mass  type  (as  shown  in  figures  3,  4,  and  5)  is  presumed  to  be  due 
primarily  to  experimental  error,  then  the  regression  line  fit  to  these  data 
provides  an  acceptable  procedure  for  determining  the  extinction  coefficient  at 
10pm  from  values  of  the  extinction  coefficient  at  0.55pm.  The  equations  for 
these  regression  equations  are: 


mA 

ai  r 

mass : 

1  oq 

Ki0 

=  1.19 

1  og 

K.  5S 

-  0.45 

mP 

ai  r 

mass: 

log 

K10 

=  1.51 

log 

K  •  5  5 

-  1.01 

cP 

ai  r 

mass : 

1  00 

Ki<; 

=  1.82 

log 

K.55 

-  1.65 

Cross  plots  for  extinction  coefficient  at  4pm  are  shown  in  figures  6,  7,  and 
8.  As  with  the  previous  results,  the  scatter  about  the  regression  is  within 
reason,  and  the  regression  lines  provide  a  reasonable  formation  for  relating 
the  two  extinction  coefficients.  The  regression  equations  are: 


mA  air  mass:  log  K  =  1.03  loo  K  +  0.03 

J  4  •  3  b 

mP  air  mass:  log  =  1.32  log  K  55  -  0.38 


cP  air  mass:  log  K4  =  1.58  log  K>55 


-  0.82 


CONCLUDING  REMARKS 


Air  mass  analysis  has  been  employed  as  a  tool  for  the  analysis  of  extinction 
coefficients  computed  from  foq  drop-size  distributions.  It  has  been  demon¬ 
strated  that  the  separation  of  the  data  into  oroups  identified  by  a  common  air 
mass  results  in  data  sets  which  allow  for  the  development  of  simple  relation¬ 
ships,  through  regression  analysis,  between  extinction  coefficients  at  two 
different  wavelengths.  The  significance  of  these  findinos  is  considered  more 
noteworthy  because  data  measured  at  three  widely  separated  locations  durim 
three  different  time  periods  could  be  combined  to  produce  good  result'.  In 
addition,  a  few  data  points  reported  by  Abel''  et  a' 1 J  are  included  in  figuro  R 
and  show  that  these  results  comcare  we;l  with  m,.a<-i:>-'vmeofs  performed  hv  the 
German  Forschunnsi  nsti  tut  f iir  Optik. 

As  was  shown  in  fiqure  2,  an  attempt  to  inr<*r  i  tv-'rare*  ’notion  from  know’ - 
edge  of  visible  wavelength  extinction  •c**  a  •’“reono’oeica1  visibi  ’  ty  observa¬ 
tion)  alone  will  aenerally  lead  to  a  result  that  ro*.  much  hotter  V’an  an 
order  of  magnitude  estimate.  Part  of  this  uncertainty  ~s  no  doubt  due  to  so-nr 
type  of  measurement  error.  However,  based  on  fie  encouraging  results  nre 
sented  here,  the  conclusion  is  that  a  major  nart  of  the  problem  is  *hat  dif¬ 
ferent  air  mass  types  tend  to  differ  in  general  droplet  size  <'i strihuti ons 
leading  to  scaling  law  differences.  Therefore,  knowledge  of  the  a->  mass  type 
in  addition  to  visible  lioht  extinction  can  level  to  better  estimates  of 
infrared  extinction. 

The  fog  drop-size  distributions  are  currently  being  analyzed  to  determine  if 
the  air  mass  classification  also  produces  sufficient  similarity  in  drop-size 
distributions  to  allow  for  the  deve'ooment  of  models  of  drop-size  distribu¬ 
tions  to  be  expected  under  the  different  air  masses. 


1SJ.  Abele,  H.  Raidt,  and  D 
vieteoroi  ogical  Parameters 
.  orschungsi  nsti  tut  fit r  Optik  , 


.  H.  Hohn,  1079,  "Studies  on  the  Influence  of 
on  Atmospheric  Laser  Transmission," 
Tubingen,  GE ,  Ffo  1979/20 
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Commander 

Harrv  Diamond  Laboratories 
ATTN:  DCLWC-R-CM  (Mr.  Robert  McCoskey  ) 
2800  Powder  1 1  Road 
Adelphi ,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Robert  Humohrey) 
2800  Powder  Mill  Road 
Adelphi,  MD  20783 

Commander 

Harr>  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Z.  G.  Sztankay) 
2800  Powder  Mill  Road 
Adelphi,  MD  20783 

Commander 

Harry  Diamond  Laboratories 
ATTN:  DELHD-R-CM-NM  (Dr.  Joseph  Nemarich) 
2800  Powder  Mill  Road 
Adelphi,  MD  20783 

Commander 

Air  Force  Systems  Command 

ATTN:  WER  (Mr.  Richard  F.  Picanso) 

Andrews  AFB,  MD  20334 

Martin  Marietta  Laboratories 
ATTN:  Jar  Mo  Chen 
1450  South  Rolling  Road 
Baltimore,  MD  21227 


26 


Commander 

US  Army  Concents  Analysis  Agency 
ATTN:  CSCA-SMC  (Mr.  Hal  E.  Hock) 

8120  Woodmont  Avenue 
Bethesda,  MD  20014 

Oi rector 

National  Security  Agency 
ATTN:  R52/Dr.  Douglas  Woods 
Fort  Georae  G.  Meade,  MD  20755 

Chief 

Intelliaence  Materiel  Development 
&  Support  Office 

'JS  Army  Electronic  Warfare  Laboratory 
ATTN:  DELEW-I  (LTC  Kenneth  E.  Thomas) 
Fort  Georqe  G.  Meade,  MD  20755 

The  John  Hopkins  University 
Applied  Physics  Laboratory 
ATTN:  Dr.  Michael  J.  Lun 
John  Hopkins  Road 
Laurel  1,  MD  20810 

Dr.  Stephen  T.  Hanley 
1720  Rhodesia  Avenue 
Oxon  Hill,  MD  20022 

Science  Applications  Inc. 

ATTN:  Mr.  G.  D.  Currie 
15  Research  Drive 
Ann  Arbor,  MI  48103 

Science  Applications  Inc. 

A"TN •  Dr.  Robert  E.  Turner 
s  Research  Dri ve 
Anp  Vpor,  MI  48103 

>■  T"|frM  r  rjp  r 

'a  -Automotive  Research 
opmenr  Command 

f  -s’- Mr.  Harry  Youn-" 

■'  80Qf 

* 

■■■  "  '-ink  Automotive  Research 
>?'•  -pment  Commano 

D7A-/SC  (wr  Wallace  Mick,  Jr.) 

.  Mi  AR090 

Helmont 
n  Division 

int  j’,  Data  Corporation 
P.r  Box  1249 
Minneapolis,  MN  55440 


Di rector 

US  Army  Engr  Waterways  Experiment  Station 
ATTN:  WESEN  (Mr.  James  Mason) 

P.0.  Box  631 
Vicksburg,  MS  39180 

Commander 

US  Army  Research  Office 

ATTN:  DRXRO-GS  (Dr.  Leo  Alpert) 

P.0.  Box  12211 

Research  Trianqle  Pane,  NC  27709 
Commander 

US  Army  Research  Office 
ATTN:  DRXRO-PP  (8renda  Mann) 

P.0.  Box  12211 

Research  Trianole  Park,  NC  27709 
Commander 

US  Army  Cold  Reqions  Research 
A  Engineering  Laboratory 
ATTN:  CRREL-RD  (Dr.  K.  F.  Sterrett) 
Hanover,  NH  03755 

Commander/Di  rector 
US  Amy  Cold  Regions  Research 
&  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  George  Aitken) 
Hanover,  NH  0 3755 

Commander 

US  Any  Cold  Regions  Research 
&  Engineering  Laboratory 
ATTN:  CRREL-RG  (Mr.  Roger  H.  Beraer) 
Hanover,  NH  03755 

Commander 

US  Army  Armament  Research 
X  Development  Command 
ATTN:  QRDAR-AC  (Mr.  James  Greenfield) 
Dover  NJ  07801 

ommanoer 

US  Army  Armament  Resea ren 
$  Development  Command 
ATTN:  DRDAR-TSS  (81  do  **59' 

Dover,  NJ  07801 

Commander 

US  Army  Armament  Research 
S  Development  Command 
ATTN:  DRCPM-CAWS-EI  (Mr.  Peteris  Janson. 
Dover,  NJ  07801 
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L  omm*" -i 

US  Army  Armament.  Research 
8  Development  Command 
ATjKj;  r...>r;PM-CAWS-EI  (Mr.  G.  H.  Waldron) 
Dover,  U 1  07801 

Deputy  Joint  Project  Manager 
for  Navy/JSMf.  SAL  GP 

ArT>  :  PRC  pm  ~c.  AWS -N V  ( CPT  Joseph  Mi  cel  i ) 

Dover,  f.:  D78P1 

Her/Di  rector 

'  •'  -my  '.omh  it  Surveillance  A  Target 
A ecu ■ ■  t i on  Laboratory 
;,Tr\':  DEl.CS- I  (Mr.  David  Longinotti ) 
-urt  Monnouth,  MJ  07703 

Comma odcr/Di rector 

US  Army  Combat  Surveillance  A  Target 
Acquisition  Laboratory 
ATTN;  DELCS-PE  (Mr.  Ben  A.  01  Camp! i ) 
Port  Monmouth,  NJ  07703 

T.ommanner  ,/Di  rector 

US  Army  Combat  Surveillance  8  Target 
Acquisition  Laboratory 
A'TN:  DELCS-R-S  (Mr.  Donald  L.  Foiani) 
vort  ‘-'oomeuth,  NJ  07703 

’ rector 

:  A-  iy  Hectronics  Technology  8 
Devices  Laboratory 
'■  ’ ' N :  DEI.  CT -DO  (S.  Danko) 

Sort  M.;,nmoy th ,  NJ  07703 

Project  Marac\'r 
1  :  PEC  I  ND!'P  /REMBASS 

V;  DRC’5‘,"-f- FP-TM  (Mr.  John  M.  Bialo) 

-t  ‘'‘unmouvh.  NJ  07703 

p  l|rJa^ 

Army  r  i  (.■  -t  .-oni cs  Research 
*-•  "  , on me it  Command 
’r'V:  'RPEL-3A  (Dr.  Walter  S.  McAfee) 

-  L  Mo. -mouth,  NJ  07703 

■  '•'-C.  (MAC) 

■  • . ' , .  -la n  AFB .  NM  88330 


Di rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL 

White  Sands  Missile  Range,  NM  88002 
Di rector 

USA  TRAD0C  Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Dolores  Anguiano) 

White  Sands  Missile  Range,  NM  88002 

Di rector 

USA  rRAP0C  Systems  Analysis  Activity 
ATTN:  ATAA-TD3  (Mr.  Louie  Dominguez  I 
Wh’te  Sands  Mi‘ssile  Ranoe,  NM  P80Q2 

Di rector 

USA  TRAL'DC  Systems  Analysis  Activity 
ATTN;  AT.AA-^DB  (Mr.  William  J.  Leach) 
White  S?.n<js  Miss’le  Range,  NM  88 CD? 

D i rector 

USA  TRADOC  Systems  Analysis  Activity 
ATTN;  ATAA-TG?  (Mr.  Roger  F.  Willis) 
White  Sands  Missile  Ranqe,  NM  88002 

Di rector 

Office  of  Missive  Electronic  Warfare 
ATTN:  DEIEW-M-STC  (Dr.  Steven  Kovel) 
White  Sands  Missile  Ranqe,  NM  88002 

Office  of  the  Test  Director 
Joint  Services  EO  GW  CM  Test  Prooram 
ATTN:  ORXDE-TD  (Mr.  Weldon  Findley) 
White  Sands  Missile  Range,  NM  88002 

Commander 

US  Army  White  Sands  Missile  Ranqe 
ATTN:  STEWS-PT-AL  (Laurel  B.  Saunders) 
White  Sands  Missile  Ranqe,  NM  88002 

Commander 

US  Army  R8D  Coordinator 
US  Embassy  -  Bonn 
Box  165 

APO  New  York  09080 


Grumman  Aerospace  Corporation 
Research  Department  -  MS  A08-35 
ATTN:  John  E.  A.  Selby 
Bethpage,  NY  11714 


"'"ce  Weapons  Laboratory 
AFWL/WE  (MAJ  John  R.  El  rick) 
nrd,  AFB,  NM  87117 
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Rome  Air  Development  Center 
ATTN:  Documents  Library 
TSLD  (Bette  Smith) 

Griffiss  AFB,  NY  13441 

Dr.  Roberto  Vaql io-Laurin 
Faculty  of  Arts  and  Science 
Dept,  of  Applied  Science 
26-36  Stuyvesant  Street 
New  York,  NY  10003 

Air  Force' Wriqht  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (Mr.  Harold  Geltmacher) 
Wriqht-Patterson  AFB,  OH  45433 

Air  Force  Wright  Aeronautical  Laboratories/ 
Avionics  Laboratory 

ATTN:  AFWAL/AARI-3  (CPT  William  C.  Smith) 
Wriqht-Patterson  AFB,  OH  45433 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R  (CPT  James  M.  Watson) 

Fort  bill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CD-MS 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  ATSF-CF-R 
Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
ATTN:  NOAA  Liaison  Officer 

(CDR  Jeffrey  G.  Carlen) 

Fort  Sill,  OK  73503 

Commandant 

US  Army  Field  Artillery  School 
Morris  Swett  Library 
ATTN:  Reference  Librarian 
Fort  Sill,  OK  73503 

Commander 

Naval  Air  Development  Center 
ATTN:  Code  301  (Mr.  George  F.  Eck) 
Warminster,  PA  18974 


The  University  of  Texas  at  El  Paso 
Electrical  Engineering  Department 
ATTN:  Dr.  Joseph  H.  Pierluissi 
El  Paso,  TX  79968 

Commandant 

US  Army  Air  Defense  School 

ATTN:  ATSA-CD-SC-A  (CPT  Charles  T.  Thorn) 

Fort  Bliss,  TX  79916 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-OP-Q  (CPT  Henry  C.  Cobb,  Jr.) 
Fort  Hood,  TX  76544 

Commander 

HQ,  TRADOC  Combined  Arms  Test  Activity 
ATTN:  ATCAT-SCI  (Dr.  Darrell  W.  Collier) 
Fort  Hood,  TX  76544 

Commander 

US  Army  Dugway  Provinq  Ground 
ATTN:  STEDP-MT-DA-L 
Dugway,  UT  84022 

Commander 

US  Army  Duqway  Proving  Ground 

ATTN:  STEDP-MT-DA-M  (Mr.  Paul  E.  Carlson) 

Dugway,  UT  84022 

Commander 

US  Army  Dugway  Proving  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  John  Trethewey) 

Dugway,  UT  84022 

Commander 

US  Army  Dugway  Provinq  Ground 

ATTN:  STEDP-MT-DA-T  (Mr.  William  Peterson) 

Dugway,  UT  84022 

Defense  Documentation  Center 
ATTN:  DDC-TCA 
Cameron  Station  Bldg  5 
Alexandria,  VA  22314 
12 

Ballistic  Missile  Defense  Program  Office 
ATTN:  DACS-BMT  (Colonel  Harry  F.  Ennis) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Technical  Information  Center 
ATTN:  DDA-2  (Mr.  James  E.  Shafer) 

Cameron  Station,  Bldg  5 
Alexandria,  VA  22314 
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Commander 

US  Army  Materiel  Development 
&  Readiness  Command 

ATTN:  DRC8SI-EE  (Mr.  Albert  Giambalvo) 
5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Commander 

US  Army  Materiel  Development 
A  Readiness  Command 
ATTN:  DRCLDC  (Mr.  James  Bender) 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

Defense  Advanced  Rsch  Projects  Agency 
ATTN:  Steve  Zakanyez 
1400  Wilson  Blvd 
Arlinqton,  VA  22209 

Oefense  Advanced  Rsch  Projects  Agency 
ATTN:  Dr.  James  Teqnelia 
1400  Wilson  Blvd 
Arlinqton,  VA  22209 

Institute  for  Defense  Analyses 
ATTN:  Mr.  Lucien  M.  Biberman 
400  Army-Navy  Drive 
Arli noton,  VA  22202 

Institute  for  Defense  Analyses 
AT'N:  Pr.  Ernest  Bauer 
400  Army-Navy  Drive 
Arlington,  VA  22202 

Institute  of  Defense  Analyses 
ATTN:  Dr.  Mans  G.  Wolfhard 
400  Army-Navy  Drive 
Arlington,  VA  22202 

System  Planning  Corporation 
a’"tN:  Mr.  Daniel  Friedman 
Ir'Vj  Wilson  Boulevard 
Arlinatcn,  VA  22209 

System  Dlanninq  Corporation' 

'•TTN:  COL  Hank  Shelton 
; ' 00  Wi 1  son  Boulevard 
‘ ; nqton,  VA  22209 

Army  Intelligence  A  Security  Command 
'TV:  Edwin  Speakman,  Scientific  Advisor 
*'  i nqton  Hall  Station 
i ngton ,  VA  22212 


Commander 

US  Army  Operational  Test 
A  Evaluation  Agency 
ATTN:  CSTE-ED  (Mr.  Floyd  I.  Hill) 

5600  Columbia  Pike 
Falls  Church,  VA  22041 

Commander  and  Director 
US  Army  Enqineer  Topographic  Laboratories 
ATTN:  ETL-GS-A  (Mr.  Thomas  Neidri nghaus ) 
Fort  Bel  voir,  VA  22060 

Di  recto1' 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  Rudolf  G.  Buser) 

Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-L  (Dr.  Robert  S.  Rodhe) 

Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Joseoh  R.  Moulton) 
Fort  Bel  voir,  VA  22D60 

Director 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Luanne  P.  Obert) 

Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision 
A  Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Thomas  W.  Cassidy) 
Fort  Bel  voir,  VA  22060 

Director 

US  Army  Niqht  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Mr.  Richard  J.  Bergemann) 
Fort  Bel  voir,  VA  22060 

Di rector 

US  Army  Night  Vision  A 
Electro-Optics  Laboratory 
ATTN:  DELNV-VI  (Dr.  James  A.  Ratches) 

Fort  Bel  voir,  VA  22060 
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'1 


Commander 

US  Army  Training  4  Doctrine  Command 

ATTN:  ATCD-AN 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Traininq  4  Doctrine  Command 

ATTN:  ATCD-AN -M 

Fort  Monroe,  VA  23651 

Commander 

US  Army  Traininq  4  Doctrine  Command 
ATTN:  ATCD-F-A  (Mr.  Chris  O'Connor,  Jr.) 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Traininq  4  Doctrine  Command 
ATTN:  ATCD-IE-R  (Mr.  David  M.  Ingram) 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Traininq  4  Doctrine  Command 
ATTN:  ATCD-M-I/ATCD-M-A 
Fort  Monroe,  VA  23651 

Commander 

US  Army  Traininq  4  Doctrine  Command 
ATTN:  ATDOC-TA  (Dr.  Marvin  P.  Pastel) 
Fort  Monroe,  VA  23651 

Department  of  the  Air  Force 
OL-I ,  AWS 

Fort  Monroe,  VA  23651 

Department  of  the  Air  Force 
HQS  5  Weather  Winq  (MAC) 

ATTN:  5  WW/DN 

Langley  Air  Force  Base,  VA  23655 
Commander 

US  Army  INSCOM/Quest  Research  Corporation 
ATTN:  Mr.  Donald  Wilmot 
6845  Elm  Street,  Suite  407 
McLean,  VA  22101 

General  Research  Corporation 
ATTN:  Dr.  Ralph  Zirkind 
7655  Old  Springhouse  Road 
McLean,  VA  22102 

Science  Applications,  Inc. 

8400  Westpark  Drive 
ATTN:  Dr.  John  E.  Cockayne 
McLean,  VA  22102 


US  Army  Nuclear  4  Chemical  Agency 
ATTN:  MONA-WE  (Dr.  John  A.  Berberet) 

7500  Backlick  Road,  Bldg  2073 
Springfield,  VA  22150 

Di rector 

US  Army  Signals  Warfare  Laboratory 
ATTN:  DELSW-EA  (Mr.  Douglas  Harkleroad) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

Director 

US  Army  Siqnals  Warfare  Laboratory 
ATTN:  DELSW-OS  (Dr.  Royal  H.  Burkhardt) 
Vint  Hill  Farms  Station 
Warrenton,  VA  22186 

Commander 

US  Army  Cold  Reqions  Test  Center 
ATTN:  STECR-TD  (Mr.  Jerold  Barger) 

APO  Seattle,  WA  98733 

HQDA  (SAUS-OR/Hunter  M.  Woodall,  Jr./ 

Dr.  Herbert  K.  Fallin) 

Rm  2E  614,  Pentagon 
Washington,  DC  20301 

COL  Elbert  W.  Friday,  Jr. 

OUSDRE 

Rm  3D  129,  Pentaqon 
Washington,  DC  20301 

Defense  Communications  Agency 
Technical  Library  Center 
Code  222 

Washington,  DC  20305 
Di rector 

Defense  Nuclear  Agency 

ATTN:  Technical  Library  (Mrs.  Betty  Fox) 

Washington,  DC  20305 

Di rector 

Defense  Nuclear  Aqency 
ATTN:  RAAE  (Dr.  Carl  Fitz) 

Washington,  DC  20305 

Di rector 

Defense  Nuclear  Agency 

ATTN:  SPAS  (Mr.  Donald  J.  Kohler) 

Washington,  DC  20305 


31 


Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6533  (Or.  James  A.  Dowling) 

Washington,  DC  20375 


HQDA  (DAM I -ISP/Mr.  Beck) 

Washington,  DC  20310 

Department  of  the  Army 
Deputy  Chief  of  Staff  for 
Operations  and  Plans 
ATTN:  DAMO-RQ 
Washington,  DC  20310 

Department  of  the  Army 
Director  of  Telecommunications  and 
Command  and  Control 
ATTN:  DAMO-TCZ 
Washington,  OC  20310 

Department  of  the  Army 

Assistant  Chief  of  Staff  for  Intelligence 

ATTN:  DAMI-TS 

Washington,  DC  20310 

HQOA  (DAEN-RDM/Dr.  de  Percin) 

Casimir  Pulaski  Building 
20  Massachusetts  Avenue 
Room  6203 

Washington,  DC  20314 

National  Science  Foundation 
Division  of  Atmospheric  Sciences 
ATTN:  Dr.  Eugene  W.  Bierly 
1300  G.  Street,  N.W. 

Washington,  DC  20550 

Di -ector 

Naval  Research  Laboratory 

ATTN:  Code  4320  {Dr.  Lothar  H.  Ruhnke) 

Washington,  DC  20375 

Commanding  Officer 

Naval  Research  Laboratory 

ATTN:  Code  6009  (Dr.  John  MacCallum,  Jr.) 

Washington,  DC  20375 

Commanding  Officer 
‘•aval  Research  Laboratory 
rTN:  Code  6530  (Mr.  Raymond  A.  Patten) 
gshington,  OC  20375 


Defense  Intelligence  Agency 
ATTN:  DT/AC  (LTC  Robert  Poplawski) 
Washington,  DC  20301 

HQDA  (DAMA-ARZ-D/Dr.  Verderame) 
Washington,  DC  20310 
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ATMOSPHERIC  SCIENCES  RESEARCH  REPORTS 

1.  Lindberg,  J.  0.,  "An  Improvement  to  a  Method  for  Measuring  the  Absu,  :on 
Coefficient  of  Atmospheric  Dust  and  other  Strongly  Absorbing  Powers," 
ECOM-5565,  July  1975. 

2.  Avara,  Elton  P.,  "Mesoscale  Wind  Shears  Derived  from  Thermal  Winds," 
ECOM-5566,  July  1975. 

3.  Gomez,  Richard  B.,  and  Joseph  H.  Pierluissi,  "Incomplete  Gamma  Function 
Approximation  for  King's  Strong-Line  Transmittance  Model,"  EC0M-5567, 
July  1975. 

4.  Blanco,  A.  J.,  and  B.  F.  Engebos,  "Ballistic  Wind  Weighting  Functions  for 
Tank  Projectiles,"  EC0M-5568,  August  1975. 

5.  Taylor,  Fredrick  J.,  Jack  Smith,  and  Thomas  H.  Pries,  "Crosswind 

Measurements  through  Pattern  Recognition  Techniques,"  ECOM-5569,  July 
1975. 

6.  Walters,  D.  L.,  "Crosswind  Weighting  Functions  for  Direct-Fire 

Projectiles,"  EC0M-5570,  August  1975. 

7.  Duncan,  Louis  D. ,  "An  Improved  Algorithm  for  the  Iterated  Minimal 

Information  Solution  for  Remote  Sounding  of  Temperature, "  EC0M-5571, 
August  1975. 

8.  Robbiani,  Raymond  L.,  "Tactical  Field  Demonstration  of  Mobile  Weather 

Radar  Set  AN/TPS-41  at  Fort  Rucker,  Alabama,"  EC0M-5572,  August  1975. 

9.  Miers,  B.,  G.  Blackman,  D.  Langer,  and  N.  Lorimier,  "Analysis  of  SMS/GOES 
Film  Data,"  EC0M-5573,  September  1975. 

10.  Manquero,  Carlos,  Louis  Duncan,  and  Rufus  Bruce,  "An  Indication  from 

Satellite  Measurements  of  Atmospheric  C02  Variability,"  ECOM-5574, 
September  1975. 

11.  Petracca,  Carmine,  and  James  D.  Lindberg,  "Installation  and  Operation  of 
an  Atmospheric  Particulate  Collector,"  ECOM-5575,  September  1975. 

12.  Avara,  Elton  P.,  and  George  Alexander,  "Empirical  Investigation  of  Three 
Iterative  Methods  for  Inverting  the  Radiative  Transfer  Equation,”  EC0M- 

5576,  October  1975. 

13.  Alexander,  George  D.,  "A  Digital  Data  Acquisition  Interface  for  the  SMS 
Direct  Readout  Ground  Station  -  Concept  and  Preliminary  Design,"  EC0M- 

5577,  October  1975. 

14.  Cantor,  Israel,  "Enhancement  of  Point  Source  Thermal  Radiation  Under 
Clouds  in  a  Nonattenuating  Medium,"  ECOM-5578,  October  1975. 
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15.  Norton,  Colburn,  and  Glenn  Hoidale,  "The  Diurnal  Variation  of  Mixing 

Height  by  Month  over  White  Sands  Missile  Range,  NM,"  ECOM-5579,  November 
1975. 

16.  Avara,  Elton  P.,  "On  the  Spectrum  Analysis  of  Binary  Data,"  EC0M-5580, 
November  1975. 

17.  Taylor,  Fredrick  J.,  Thomas  H.  Pries,  and  Chao-Huan  Huang,  "Optimal  Wind 
Velocity  Estimation,"  ECOM-5581,  December  1975. 

18.  Avara,  Elton  P.,  "Some  Effects  of  Autocorrel ated  and  Cross-Correlated 

Noise  on  the  Analysis  of  Variance,"  ECOM-5582,  December  1975. 

19.  Gillespie,  Patti  S. ,  R.  L.  Armstrong,  and  Kenneth  0.  Vh’te,  "The  Spectral 
Characteristics  and  Atmospheric  CO?  Absorption  of  the  Ho  .YU7  Laser  at 
2.05.,n,"  EC0M-5583,  December  1975. 
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